ATR (ATM and Rad3-related) is an essential regulator of the nucleotide excision repair (NER) mechanism. For NER activation, ATR phosphorylates XPA, the rate-limiting factor in the NER pathway. However, the role of XPA phosphorylation at serine 196 by ATR has been elusive. Here we show that ATR-mediated XPA phosphorylation enhances XPA stability by inhibiting HERC2-mediated ubiquitination and subsequent degradation. We analyzed stabilization of XPA with substitutions of Ser 196 either to aspartate (S196D), a phosphomimetic mutation, or to alanine (S196A), a phosphodeficient mutation. Upon ultraviolet damage, ATR facilitated HERC2 dissociation from the XPA complex to induce XPA stabilization. However, this regulation was abrogated in S196A-complemented XPA-deficient cells due to persistent association of HERC2 with this XPA complex, resulting in enhanced ubiquitination of S196A. Conversely, the S196D substitution showed delayed degradation kinetics compared with the wild-type and less binding with HERC2, resulting in reduced ubiquitination of S196D. We also found that XPA phosphorylation enhanced the chromatin retention of XPA, the interaction with its binding partners following DNA damage. Taken together, our study presents a novel control mechanism in the NER pathway by regulating the steady-state level of XPA through posttranslational modifications by which ATR-mediated phosphorylation induces XPA stabilization by antagonizing HERC2-catalyzed XPA ubiquitination.
INTRODUCTION
The integrity of the genome is constantly challenged by endogenous and exogenous genotoxic agents that cause a variety of DNA lesions. DNA damage can interfere with vital processes like transcription and replication and, if not repaired properly, can ultimately lead to premature aging and cancer. To mitigate such deleterious effects, organisms are equipped with multiple DNA damage and repair checkpoints for safeguarding the integrity of DNA. 1 Nucleotide excision repair (NER) is the primary mechanism for the elimination of helix-distorting, replication-blocking DNA adducts induced by a variety of genotoxic agents, including ultraviolet (UV)-induced photolesions, such as cyclobutane pyrimidine dimer (CPD) and pyrimidine pyrimidone photoproduct (6-4PP). In humans, defects in NER lead to the clinical disorder Xeroderma pigmentosum (XP), which is characterized by an increased sensitivity to UV exposure and a predisposition for the development of skin cancers. 2 XP group A (XPA) is one of the eight factors deficient in XP disorders, and XPA-deficient cells exhibit the highest UV sensitivity among XP cells. 3 Functionally, XPA is anticipated to have multiple roles, including verifying DNA damage, stabilizing repair intermediates and positioning other NER factors at the site of damage. 4 The DNA damage checkpoint responses serve to monitor genomic integrity and coordinate multiple cellular pathways to ensure efficient repair after DNA damage. 5 The ATR (ATM and Rad3-related)-and ataxia telangiectasia mutated (ATM)-mediated checkpoint pathways represent two major DNA damage checkpoints in mammals. 6, 7 These pathways are composed of a series of DNA damage sensors, signal mediators, transducers and downstream effector molecules. 1 While ATM is believed to orchestrate DNA double-strand break (DSB) repairs, the ATRdependent checkpoint pathway senses replication stress, including the damage generated by UV irradiation. 7, 8 ATR is targeted to the sites of elongated replication protein A (RPA)-coated single-strand DNA, which is generated upon stalling of DNA replication forks. This event is mediated by interactions between RPA and the ATR interaction protein. 9 Upon sensing DNA damage, ATR initiates a complex signaling cascade via phosphorylation of downstream protein substrates, which ultimately leads to cell cycle arrest. 10, 11 Previous studies have implied a role for the ATR-mediated checkpoint pathway in regulating the NER pathway. [12] [13] [14] In particular, ATR kinase activity may uniquely participate NER regulation during the S-phase of the cell cycle. 13, 15 In addition, XPA has been defined as a direct ATR phosphorylation target in response to UV irradiation, 16, 17 as XPA-deficient cells containing recombinant phospho-deficient XPA protein showed increased sensitivity to UV irradiation compared with cells with wild-type (WT) XPA. 16 It is now well established that posttranslational modifications such as ubiquitination and phosphorylation are central for regulating the activities of DNA repair proteins. 18, 19 XPA is also subject to these modifications to perform its functions. Following UV exposure, ATR can physically interact with and phosphorylate XPA at serine (Ser) residue 196 (S196), which enhances cell viability. 16 Furthermore, the oncogenic phosphatase WIP1-mediated dephosphorylation of XPA S196 resulted in a substantial reduction in NER kinetics. 20 These results suggest that XPA phosphorylation may elevate NER activity; however, the precise role of this modification remains to be elucidated.
Another aspect of XPA and subsequent NER activation is the contribution of HERC2 to XPA turnover, which leads to a decrease in NER capacity. 21, 22 HERC2 is a large HECT and RCC-like domaincontaining protein 23 and is known to regulate NER activity by ubiquitinating and degrading XPA. 21, 22 Importantly, downregulation of HERC2 improves repair efficiency after cisplatininduced DNA damage by enhancing XPA protein stability.
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HERC2 is also implicated in homologous recombination repair of DNA DSBs. In this process, HERC2 is believed to be recruited to the sites of DSBs to aid in the assembly of the RNF8-Ubc13 complex, and is thereby essential for ubiquitin-dependent retention of repair factors. 24 In addition, a recent study revealed that HERC2 is associated with the DNA replication fork complex, specifically with Claspin, which is essential for G 2 -M checkpoint activation and replication fork stability. 25 These findings suggest that HERC2 acts as a general regulator in multiple DNA damage response mechanisms by ubiquitinating and degrading key reaction players.
Although growing evidence suggests that the ATR checkpoint kinase coordinates NER processes by physically interacting with XPA, the functional consequence of XPA phosphorylation at S196 by ATR has not been defined yet. Furthermore, the significance of crosstalk between different posttranslational modifications of XPA remains to be elucidated. In this study, we assessed the effects of XPA phosphorylation on protein stability. As HERC2-mediated XPA ubiquitination is known to decrease XPA stability, we focused on defining the effects of HERC2 and ATR on XPA stability. Our results demonstrate a sophisticated regulatory mode in the NER pathway where, upon UV exposure, ATR phosphorylates XPA to enhance XPA stability by promoting the dissociation of HERC2 from the XPA complex.
RESULTS
XPA is indispensable for NER processes, as NER activity relies on transcriptional and posttranslational alterations of the XPA protein. 21, 22, 26, 27 20 J/m 2 of UV-C irradiation, which produces B0.44 CPD and 0.1 6-4PP per kilobase (kb) in mammalian cells, 28 immediately blocked transcription of the XPA gene, encompassing 22.5 kb in the human genome, 29 until DNA damage repair was completed ( Figure 1a) . Importantly, the results showed no change in the transcription of the b-Actin gene encompassing 3.5 kb (Figure 1a) . It is conceivable that the longer XPA gene locus than b-Actin got more damages to be repaired to reinitiate the transcription. However, the reduction in XPA transcription did not correlate with XPA protein levels, which did not change during the entire repair courses. In this experiment, the phosphorylation of DNA damage checkpoint proteins, such as CHK1 and p53, exhibited dramatic changes in response to UV exposure (Figure 1b) . These results suggest that XPA, in the presence of DNA damage, may be an intrinsically stable protein with a relatively long half-life; however, previous studies have shown that XPA is a highly unstable protein with a short (B3 h) half-life in the absence of DNA damage. 22 Therefore, it seems that DNA damage affects the stability of XPA protein.
ATR has been reported as a binding partner of XPA, 14, 16, 17 and this interaction can ultimately affect NER activity 12, 14 and cell viability after DNA damage. 16 To evaluate the effects of the ATR-XPA association on XPA stabilization, we used a gene knockdown approach using small interfering RNA. As shown in Figure 2a , ATR depletion abrogated XPA stabilization upon UV irradiation, while both ATM knockdown and the negative control did not influence XPA stability. As ATR is known to phosphorylate XPA at Ser196 in response to UV damage, 12, 16 we explored whether this modification affects XPA stabilization by mutating the serine residue either to alanine (S196A), which prevents phosphorylation, or to aspartate (S196D), which mimics phosphorylation. To measure the relative protein stability of each XPA construct after UV irradiation, we treated cells with cycloheximide to suppress protein synthesis, and measured the protein levels by immunoblotting ( Figure 2b ). For comparison, the expression profile of CHK1 was used as a control owing to its short (B4 h) half-life in the presence of cycloheximide. 30 The half-life of WT-XPA was similar to CHK1 in degradation kinetics (B4 h; Figure 2c ). Interestingly, the phospho-mutant XPAs showed distinct responses to cycloheximide treatment; S196D showed an extended half-life compared with WT and the half-life of S196A was reduced in response to UV damage (Figures 2b and c) . These results imply that the phosphorylation status of XPA impacts XPA stabilization upon DNA damage.
As increases in XPA stability have been observed in DNA damage conditions, we next analyzed if the ATR and XPA interaction is specific to DNA damage using immunoprecipitation. Surprisingly, Figure 2d shows that the physical interaction between ATR and XPA is DNA damage independent, implying that XPA phosphorylation may occur only when ATR is activated upon DNA damage checkpoint activation. Consistent with this speculation, the physical interaction between ATR and XPA was not altered by the phosphorylation status of XPA in the absence and presence of DNA damage ( Figure 2e ).
We next investigated the mechanisms responsible for ATRmediated changes in XPA stabilization. To accomplish this, we analyzed the HERC2 and XPA interaction by immunoprecipitation. HERC2 was recently identified as a E3 ubiquitin ligase that controls the stability of several target proteins, including XPA, BRCA1 and Claspin, and is the only protein currently known to modulate XPA protein stability. XPA constructs transfected into XPA cells showed static expression in the absence of DNA damage; however, in response to UV irradiation, S196A became unstable ( Figure 3a , lysate panels), which implies that XPA phosphorylation by ATR may be responsible for enhancing XPA stability upon UV damage. Consistent with this, HERC2 was more greatly associated with S196A than WT or S196D with and without UV damage (Figure 3a , IP panels), suggesting that UV damage-mediated XPA phosphorylation at S196 inhibits HERC2 interaction. To verify that ATR is involved in this regulation, we knocked down ATR or ATM with small interfering RNA and assessed HERC2 and endogenous XPA levels by immunoprecipitation. The results in Figure 3b show that ATR but not ATM depletion resulted in the failure of HERC2 to dissociate from the XPA immune complex in response to UV damage, indicating that ATR-mediated XPA phosphorylation upon DNA damage facilitates HERC2 dissociation from the XPA complex.
In order to investigate the effect of XPA phosphorylation on the ubiquitin ligase activity of HERC2, we performed an in vitro ubiquitination assay. To accomplish this, we first purified flagtagged XPA proteins (WT, S196A, and S196D; Figure 4a ) and the HECT domain of either active WT or inactive mutant HERC2. As previously reported, active HECT ligase can generate ubiquitinconjugated XPA species (Figure 4b ). However, when S196A was used as a substrate, the ubiquitin signal was enhanced approximately fourfold compared with WT-XPA (Figure 4c ), and interestingly, the ubiquitin signal was compromised when S196D was used as a substrate, which suggests that unphosphorylated XPA is the target of HERC2-mediated ubiquitination. As expected, the inactive HECT ligase failed to produce ubiquitin chains on XPA ( Figure 4b ).
As the steady-state levels of XPA act as a determinant for NER capacity, we evaluated the effect of XPA phosphorylation on NER activity using an in vivo NER assay. NER is the sole mechanism for recovery after UV-induced DNA damage, including the two major photoproducts, 6-4PP and CPD. 31 These two types of photodamage have differential repair kinetics, where 6-4PP is repaired faster than CDP. 32 The effect of XPA phosphorylation on UVdamage repair was assessed by immune-slot blot assay using the UV damage-specific antibodies described in Materials and methods. While most 6-4PP lesions were clearly removed within 90 min after UV-irradiation in WT-XPA and S196D-transfected cells, delayed 6-4PP repair kinetics was detected in the S196A-transfected cells (Figures 5a and b) . The CPD repair, which requires longer duration, showed a similar pattern to the 6-4PP removal, where S196A exhibited slower CPD repair kinetics compared with 2 of UV for 4 h. HERC2 levels co-precipitated with endogenous XPA were analyzed using immunoprecipitation. IgG was used as a loading control, and protein levels were analyzed by immunoblotting.
WT-XPA or S196D cells (Figures 5c and d) . These results indicate that the XPA phosphorylation status is critical for its contribution to NER processes.
Chromatin loading of repair factors is another key regulatory step for repair activity, 33 and XPA is known to be readily loaded onto the damaged chromatin sites upon UV irradiation under the microscope. 34 To assess the effect of XPA phosphorylation on chromatin loading after UV damage, we prepared chromatin extracts using subcellular fractionation. After UV damage, the amount of S196A loaded onto chromatin was reduced while S196D accumulation increased compared with WT-XPA (Figure 6a , lysate panels).
We also assessed whether the XPA phosphorylation status affected the association with its binding partners using immunoprecipitation. As each XPA construct expressed different amounts of protein in chromatin, we normalized XPA levels in the precipitates (Figure 6a, IP panels) . The results demonstrated that S196A lost its affinity for binding RPA70 and H2A.X (Figure 6a , IP panels), presumably due to the lower stability of S196A than S196D and WT-XPA, which might have resulted in production of lower total level of the protein. In addition, S196A failed to generate UV-induced H2A.X phosphorylation (Figures 6b and c) , which corroborated with a previous study that showed defects in UV-induced H2A.X phosphorylation in XPA-deficient cells. 35 Taken together, our results suggest that the phosphorylation status of XPA affects its chromatin loading, the association with its binding partners and checkpoint activation following DNA damage.
DISCUSSION
Transcription and posttranslational modification of XPA and regulation of NER activity As the regulation of bacterial NER occurs at the transcriptional level, most of the NER factors are inducible upon DNA damage. In mammals, however, NER is largely controlled by posttranslational modifications and protein-protein interactions. 19 For example, the ubiquitination of XPC enhances its affinity for damaged DNA and signals for its degradation. 19 Given the essential role of XPA in the NER process, results from our previous and current studies suggest that posttranslational XPA modifications represent a novel mechanism by which NER capacity is dependent on steady-state levels of XPA.
In response to UV irradiation, the Ser 196 on XPA is phosphorylated by checkpoint kinase ATR, which can be activated by genotoxic agents that cause replication stress. The phosphorylation of XPA appears to have an important role in mediating NER processes, as its phospho-deficient mutant (S196A) exhibits greater UV sensitivity compared with the WT, while the phospho-mimic form (S196D) shows tolerance to UV damage. In addition, the downregulation of ATR in the presence of UV damage resulted in the destabilization of XPA, and S196A expressed in XPA cells compromised NER activity. Previous studies have shown that ATR kinase activity was required for the translocation of cytoplasmic XPA into the nucleus in response to UV damage, and this regulation is cell cycle dependent, occurring primarily in the S-phase. 12, 15 This is consistent with a recent report showing that ATR kinase is required for global genomic-NER exclusively during the S-phase. 13 In the current study, however, we discovered a novel aspect of XPA regulation by ATR. The phosphorylation of XPA by ATR, specifically in the presence of DNA damage, enhanced XPA stability by facilitating HERC2 dissociation from the XPA complex. This in turn prevented the subsequent ubiquitination and proteasome-mediated degradation of XPA. Thus, it seems that ATR aids the intrinsic function of XPA for the NER process, including damage verification and removing genomic insults, by enhancing XPA stability.
We also demonstrated that the XPA phosphorylation status specifies the repair rate for both CPD and 6-4PP UV-induced photo-damages, which contradicts a previous report showing that CPD but not 6-4PP repair is affected by XPA phosphorylation. 16 Interestingly, 6-4PP is known to be a better substrate for NER and its repair rate is much faster than CPD. 28 To assess the 6-4PP repair rate in this study, we monitored an earlier time (within 90 min after UV irradiation) than previous studies, which used 4 h as the first monitoring point. 16 With this approach, we were able to detect subtle but significant changes in 6-4PP repair kinetics that were influenced by the XPA phosphorylation status.
A second aspect of XPA regulation leading to changes in NER is the contribution of HERC2 to XPA turnover. We recently found that HERC2, a HECT E3 ligase, ubiquitinates and degrades XPA. 21, 22 In addition to NER, HERC2 is implicated in regulating other repair pathways, such as DSB repair. 24 HERC2 aids in DSB repair by functioning as a scaffold to recruit RNF8 RING finger E3 ligase to DSB sites and facilitating the assembly of the RNF8-Ubc13 complex. Thus, it is essential for ubiquitin-dependent retention of repair factors. 24 This previous study also showed that HERC2 was dispensable, and RNF8 was instead the essential ubiquitin ligase for the ubiquitin-dependent retention of repair factors. However, we have demonstrated that the HECT domain of HERC2 is active, as a cysteine to alanine point mutation in the active site failed to ubiquitinate XPA, while the WT-HECT domain was capable of efficient ubiquitination, supporting our initial report that HERC2 is the E3 ligase responsible for binding and ubiquitinating XPA. 21, 22 An additional report supports that HERC2 activity is required for BRCA1 function. This group showed that HERC2 ubiquitinates BARD1-uncoupled BRCA1 to target it for degradation, and, importantly, the active site cysteine to alanine mutation abolished BRCA ubiquitination, leading to its accumulation. 37 It was recently reported that HERC2 was also required for replication fork progression and origin firing in conjunction with Claspin. 25 Taken together, it is clear that HERC2 mediates DNA damage responses by controlling NER repair processes through XPA alterations, controlling DSB repair by altering BRCA1, and controlling cell cycle progression together with Claspin. Interestingly, the RNF8-HERC2 interaction was mediated by the phosphoinositol 3-kinase-like kinase-dependent phosphorylation of HERC2 at Thr 4827, which generated a binding site for RNF8. 24 Thus, it would be interesting to investigate the effect of HERC2 phosphorylation on XPA interactions and NER activity.
XPA is known to be deacetylated by SIRT1 deacetylase. 38 SIRT1-mediated XPA deacetylation enhances the interaction between XPA and RPA, the eukaryotic single-stranded DNA-binding protein.
RPA participates in most cellular processes in response to genotoxic insults, including NER, DSB repair and ATR-mediated checkpoint signaling. 39 A recent study revealed that interactions between XPA and both RPA32 and RPA70 are indispensable for NER reactions. 40 This group investigated the effects of XPA mutations in the RPA binding regions on XPA-associated NER function, and found that XPA binds through an N-terminal region to the middle subunit (RPA32) of the RPA heterotrimer and through a central region that overlaps with its damaged DNA binding region to the RPA70 subunit. In our study, we found that the XPA-RPA interaction was influenced by the XPA phosphorylation status. Thus, it would be of interest to investigate if there is a functional crosstalk between the acetylation and phosphorylation of XPA.
Regulation of NER activity and therapeutic intervention Many recent studies have emphasized that transcriptional and posttranslational regulations determine the capacity of NER and suggest the possibility of modulating NER activity for cancer prevention and therapeutic interventions. [41] [42] [43] This offers an understanding of the tremendous health impact of DNA damage derived from environmental and endogenous sources. Enhancing NER activity could confer increased protection against the accumulation of DNA lesions and may help maintain genomic integrity; however, reducing the NER threshold may inhibit the efficient action of DNA damage-inducing drugs for cancer patients undergoing chemotherapy. Importantly, the newly identified circadian oscillation of XPA expression may help determine the optimal time window for drug administration. 44 In this regard, transient suppression of NER through pharmacological manipulation of core NER factors or regulatory pathways would require careful synergy with DNA damaging agents to optimize the chemotherapeutic outcome.
MATERIALS AND METHODS

RT-PCR
Total RNA preparation and reverse transcription were done as described previously. 45 The following primers were used for PCR (for XPA 5 0 : CAGCCC CAAAGATAATTGAC and 3 0 : CGCTGCTTCTTACTGCTCGC; and for b-Actin 5 0 : GTTCCGATGCCCTGAGGCTC and 3 0 : CACTTGCGGTGCACGATGGA).
Immunoblotting and immunoprecipitation
Whole-cell lysates and chromatin extracts were prepared as previously described. 21 Conventional immunoblotting procedures were used to determine the levels of proteins. Quantification of immunoblotting was performed by using ImageQuant 5.2 software (Molecular Dynamics, Sunnyvale, CA, USA). Antibodies used in this study include XPA (Kamiya, Seattle, WA, USA), XPF (Abcam, Cambridge, UK), GAPDH, p-CHK1 S345 and p-p53 S15 (Cell Signaling Technology, Danvers, MA, USA), ATR, RPA70, CHK1 and Actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA), HERC2 (Bethyl Laboratory, Montgomery, MO, USA), Flag (Sigma, St Louis, MO, USA), histone H3, H2AX and p-H2AX S139 (Millipore, Billerica, MA, USA). Immunoprecipitation assay was conducted as previously reported. 46 Generation and purification of constructs Flag-tagged human XPA (WT, S196A and S196D) and HECT domain of HERC2 (WT and cysteine to alanine mutant) were immunopurified using anti-Flag agarose (Sigma) as previously reported. 21 Serine 196 of XPA was converted to either Alanine (S196A) or Aspartic acid (S196D) using the QuickChange XL Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA).
Cell culture and transfection A549 and NHF-1 (American Type Culture Collection, Manassas, VA, USA) and XPA cell lines (GM04429) obtained from Coriell Cell Repositories (Camden, NJ, USA) were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and 1% penicillinstreptomycin. For the analysis of protein stability, cells were treated with 20 mg ml cycloheximide (Sigma) for the indicated times. For UV-C irradiation, confluent cells were exposed for the indicated dose using a germicidal lamp emitting primarily UV-C light. A UV-C sensor (UV Products, Upland, CA, USA) was used to calibrate the fluence rate of the incident light. For immunofluorescence staining, cells were grown on a glass chip coated with poly-D-lysine and laminin (BD Biosciences, San Jose, CA, USA). Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was used according to the manufacturer's directions for transfection of DNA constructs and ON-TARGET plus SMARTpool siRNAduplexes purchased from Dharmacon (Lafayette, CO, USA) (ATR (L-003202-00-0005), ATM (L-003201-00-0005) and Cyclophilin-B (D-001820-01-20) as a control).
Immunofluorescence staining
Immunofluorescence was performed as described previously. 47 For detection of p-H2A.X, cells were incubated in preextraction buffer (10 mM PIPES (pH 6.8), 100 mM NaCl, 300 mM sucrose, 3 mM MgCl 2 , 1 mM EGTA, 0.5% Triton X-100) for 5 min on ice and then followed by conventional immunofluorescence procedures. Briefly, cells grown on the cover slips were fixed in 4% paraformaldehyde (USB, Cleveland, OH, USA) in phosphate-buffered saline (PBS) for 20 min at room temperature. Cells were washed three times with PBS containing 0.1% Triton X-100 (PBST), permeabilized in 0.5% Nonidet P-40 in PBS for 10 min, washed once in PBST, and blocked with 3% bovine serum albumin in PBS for 30 min. Primary antibodies were incubated for 1 h at room temperature and washed three times with PBST. After incubation with the appropriate secondary antibody, the cover slip was washed three times and embedded in Vectashield (Vector Laboratories, Burlingame, CA, USA). Images were captured using a Leica DM3000 fluorescence microscope (Leica Microsystems, Wetzlar, Germany).
Ubiquitination assay
Recombinant XPAs and HECT domain of HERC2 were purified as previously reported. 21 Briefly 1.5 ng of E1 (UBE1), 10 ng of E2 (UbcH5a), 50 ng of HECT of HERC2, 500 ng of HA-ubiquitin and 500 ng of purified Flag-XPA were incubated in a buffer containing 50 mM Tris pH 7.6, 5 mM MgCl 2 , 0.6 mM DTT and 2 mM ATP for 30 min at 30 1C. Ubiquitinated-XPA was detected by immunoblotting using anti-Flag antibody. Recombinant UBE1, GSTUbcH5a and HA-ubiquitin were purchased from Boston Biochem (Cambridge, MA, USA).
DNA slot blot repair assay XPA cells transfected with WT or mutant XPA were allowed to grow confluent and treated with the indicated doses of UV followed and allowed for repair for the indicated times before harvesting. Genomic DNA was prepared using QIAamp DNA Mini kit (Qiagen, Hilden, Germany), and either 50 ng (for CPD) or 500 ng (for 6-4PP) of DNA was vacuumtransferred to nitrocellulose membrane using BioDot SF Microfiltration apparatus (BioRad, Hercules, CA, USA). DNA was crosslinked to the membrane by incubation at 80 1C for 2 h under vacuum. A monoclonal antibody, which specifically recognizes CPD (Kamiya) and 6-4PP (Cosmo Bio, Tokyo, Japan) was used to detect the remaining amounts of legions in the genomic DNA. The DNA bound to the membrane was detected with SYBR-Gold dye and used as a loading control.
